Background Rheumatic heart disease (RHD) remains a significant cause of cardiovascular morbidity and mortality in developing countries such as Indonesia. Yet, despite being one of the most readily preventable chronic diseases, RHD has received scant research or policy attention, particularly in South-East Asia. Aim To describe the pattern of RHD occurrence in a sample of presenting cases from an occupational cohort in Papua Province, Indonesia. Methods Clinical records of 15 608 mining workers (96.4% men, mean age 36.3±7.4 years) were reviewed retrospectively to identify and extract data on all rheumatic fever (RF) and RHD cases admitted to two hospitals in Papua during [2008][2009][2010][2011][2012][2013]. Collected data included basic demographics, employment history and echocardiographic findings. Results 83 RHD cases (95.6% men, mean age 39.6 ±12.5 years) and 3 RF cases were identified between 2008 and 2013. Increased RHD risk was observed among those aged 35-44 (HR=3.60) and 45-68 (HR=4.46) years relative to the youngest age group ( p<0.01). RHD incidence density was 6.84 per 10 000 person years of follow-up. Among cases, mitral stenosis was the most common valvular lesion at initial presentation (41.0%), and 6.0% were multivalvular. Conclusions The prevalence of RHD in Papuan mining workers correlates with adult prevalence data in other populations with a high RHD burden, highlighting RHD as a significant health issue into adulthood. The late stage at which most patients presented points to a strong need for earlier intervention. Both primary and secondary preventive measures must be considered critical tools to prevent and reduce RHD burden, particularly among older age groups.
INTRODUCTION
Rheumatic fever (RF), and its most serious complication, rheumatic heart disease (RHD), continue to be major global health problems. In individuals with a presumed inherited susceptibility, infection with Streptococcus pyogenes (group A streptococcus) can precipitate RF-the precursor to RHD-as an abnormal autoimmune reaction. Damage to heart valves caused by RF is termed RHD. Subsequent group A streptococcus infections and recurrence of RF accelerate valve damage. Without intervention, RHD progresses to heart failure and increases the risk of cerebrovascular accident, bacterial endocarditis and arrhythmias. 1 RF/RHD occur predominately in developing countries, home to 80% of all people living with the disease. 2 However, RF and RHD also persist in developed countries, particularly within socioeconomically deprived and indigenous populations. 3 More than 15.6 million people globally suffer from RHD, and 233 000 die prematurely of the disease every year, 3 although the true global prevalence is likely to be closer to 34 million. 4 According to the 2010 Global Burden of Disease Study, the number of disability adjusted life years lost to RHD was as high as 10.1 million per year worldwide. 5 It is the most important cause of acquired cardiovascular disease in children and young adults, and the most common cause of multivalvular disease in low and middle income countries. 3 6 Moreover, RHD imposes a substantial economic burden, further straining already overstretched health systems. 2 Overall, the incidence and prevalence of RF and RHD show very significant global variation. 7 The disease has been almost eradicated in developed settings with improved living conditions, nutrition, access to medical care and prevention policiesincluding both primary (treatment of sore throats) and secondary (long term administration of antibiotics) approaches-brought by economic and social development. 3 RHD disproportionately affects individuals in low and middle income countries, including Asia. 7 Demographic trends, including poor access to health services and rural exodus, will likely contribute to a substantial rise in RHD in the next 20 years. 8 Previous studies in Asia have estimated a current RHD burden of 10.8-15.9 million patients, 9 accounting for 356 000-524 000 deaths per year. 10 However, epidemiological data remain sparse and inconsistent. In Indonesia, what limited data currently exist suggest that RHD continues to be relevant. In West Java, 108 patients aged 17-75 years were identified with RHD, with complications suggesting an advanced burden of the disease.
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Recent directives from WHO and the World Heart Federation have pledged a 25% reduction in the number of deaths due to non-communicable diseases by 2025. 12 RHD is a disease where this may be achievable, given the availability of relatively inexpensive, proven and effective control strategies that can lead to reductions in deaths. Yet attention to the problem is lacking, and there are currently no coordinated national control programmes in place to address the RF/RHD burden in Indonesia. Community and hospital based surveys provide important information about disease burden in adults, in whom RHD prevalence is ultimately the highest. 3 Although perceived as a disease of childhood, RF/RHD cases in children of 5-14 years are likely to represent only 15-20% of the total burden within all age groups of vulnerable populations. 2 The present study was undertaken to describe the distribution of valvular involvement in newly diagnosed adult RHD patients attending two healthcare facilities within an occupational cohort in Papua Province, Indonesia, a region facing some of the least favourable socioeconomic indicators nationally. 13 Given the marked paucity of epidemiological research on RHD in Indonesia, even basic descriptive data can provide important preliminary insights regarding the characteristics of the disease burden and the underlying factors defining it.
METHODS

Study population and setting
This research forms part of the ongoing Cardiovascular Outcomes in the Papuan Population and Estimation of Risk (COPPER) study. The present study population comprised workers aged 18-68 years who were employed by a multinational mining company, from January 2008 to December 2013. Participants were first recorded into the health information system (HIS) at routine medical screening during their first year of employment. Medical screening procedures have remained constant throughout the past 6 years and consist of medical history taking, physical examination, electrocardiography, chest X-ray, spirometry, audiometry and basic blood panel.
The COPPER study is set in the Mimika District, in the south of Papua Province, Indonesia's largest and easternmost province. Overall health status in Mimika remains the lowest in Indonesia, and the problems of access to services mean that a high proportion of the population remains under served. 13 The mining company operates one of the largest gold and copper mines in the world, and is the main employer in the district. The company directly supports a primary and secondary hospital within the contract of work area, five community healthcare clinics and several mine site health posts. The health posts and hospitals are managed by a private healthcare provider.
Data collection
A retrospective chart review of medical records from two clinic sites was undertaken, covering the period from 1 July 2008 to 31 December 2013. One site is located adjacent to Timika and the second within the remote mountainous area of the Papuan Highlands. As part of routine care, RHD cases were first identified based on clinical suspicion (eg, finding on clinical cardiac auscultation), either during an early medical checkup or because of symptoms, and referred to an on-site cardiologist. Examination was then performed by the cardiologist and an opinion rendered as to the presence or absence of clinical evidence of RHD. An on-site cardiologist performed Doppler echocardiographic studies on suspected RHD patients using a General Electric Vivid-i machine. Echocardiograms included parasternal long and short axis and apical three and four chamber views. If a diagnosis of RHD was confirmed, it was documented under the appropriate ICD-10 category within the HIS.
RHD cases diagnosed in this manner, along with RF cases, were then retrospectively identified from the electronic HIS with the use of diagnostic ICD-10 codes. RHD included all cases with established heart disease confirmed on echocardiography as being of rheumatic origin. Extracted data for these codes included basic demographics, duration of employment and echocardiographic findings. If cases presented on more than one occasion, only the first RHD presentation since the cohort inception in 2008 was considered.
Statistical analysis
Demographic and occupational characteristics were described for all participants at baseline. Incidence rates were calculated as the number of incident RHD cases over the number of persons at risk at the beginning of the assessed time period. For incidence density calculation, follow-up person years were calculated for study participants until RHD diagnosis, until 31 December 2013 for those uncensored or until the censoring date for those censored for other reasons, such as death or termination of employment.
Univariate analyses were completed with Kaplan-Meier methods to describe the cumulative probability of RHD over time and to graphically confirm the assumption of proportional hazards. Multivariate analyses were carried out using Cox proportional hazards regression models to assess the risk of RHD across different age strata, adjusting for gender and duration of employment. All statistical analyses were completed using SPSS 22.0 for Windows (IBM SPSS Inc, Chicago, Illinois, USA). Statistical significance was defined as p<0.05.
RESULTS
In total, data were available for 15 608 workers, 560 (3.6%) of whom were women (table 1). Mean age among employees at cohort enrolment in July 2008 was 36.3±7.4 years, with employee attrition rates ranging from 0.7% to 6% from year to year to December 2013, with a net population increase of 3% via new hires over that same period. Mean time at risk contributed by cohort members over the assessed period was 4.3 ±0.8 years.
The total number of RHD patients identified from the medical records review and included in this study was 83. Mean age of RHD cases was 39.6±12.5 years, slightly higher than the overall population mean, and the majority (n=79, 79.6%) were men (95.2%). Women were disproportionately represented among the RHD cases relative to their proportion of the 14 .0 in 2009. Although rates fluctuated somewhat over the years, particularly in 2010, the overall trend was decreasing (figure 1). The RHD incidence density rate was 6.84 per 10 000 person years of follow-up.
Kaplan-Meier analyses revealed that the cumulative probability of RHD diagnosis increased at different rates across different age strata for all workers (figure 2). Results of log rank tests indicated that the probabilities of RHD diagnosis among those aged 35-44 years and among those aged 45-68 years were significantly greater than among those aged 18-34 years ( p<0.001). After adjustment for gender and employment duration, these trends remained significant; increased RHD risk was observed among those aged 35-44 years (HR 3.60, 95% CI 1.54 to 8.45) and among those aged 45-68 years (HR 4.46, 95% CI 1.57 to 12.63) relative to the youngest age group.
Of the 83 cases with RHD, echocardiography findings were available for all cases. The most common valvular lesion was mitral stenosis, found in 41.0% (n=34) of cases, followed by mitral/aortic regurgitation, occurring in 20.5% (n=17) of cases each. Single valve involvement was more frequent than multiple valve involvement, with multivalvular disease identified in only 6.0% (n=5) of cases. The predominance of mitral stenosis was substantially more marked among those aged 18-34 years relative to the older age groups, while most instances of identified multivalvular involvement were in the older age groups ( figure 3) . The total number of RF patients identified from the medical records review and included in this study was three.
DISCUSSION
The prevalence of RHD in adult Papuan mine workers is consistent with adult prevalence data in other populations with a high RHD burden. 3 8 Given the biases inherent in this study sample (ie, primarily male and employed), rates are likely to be even higher in the general population. The findings thus highlight that RF and RHD remain major health issues into adulthood. This points to a strong need for early public health intervention. Both primary and secondary preventive measures must be considered mainstay tools, particularly among older age groups.
Cumulative RHD risk was significantly higher among older age groups. Although the peak age of RF occurrence is typically during childhood, initial attacks of RF occurring in the fourth decade have been reported. 14 Moreover, RHD risk in the present study may also be attributed to recurrent RF/RHD episodes, pre-2008 instances of which could not be ruled out. The results suggest that tailored interventions targeting older employees may be especially important in alleviating the RHD burden.
The most frequent valvular lesion among RHD cases was mitral stenosis, consistent with findings from previous studies carried out in Asia. 15 16 However, other studies have reported mitral regurgitation 17 18 or combined mitral stenosis 19 20 to be the predominant valvular presentation. The cause behind mitral valve tropism remains unclear. 18 Mitral regurgitation was found in 20.5% of RHD cases in our population, while observed rates ranged between 18.4% and 42.9% in other studies. 19 20 The 3.7% rate of tricuspid regurgitation found was slightly lower than findings from other Asian cohorts, with one study in India finding a 5.7% tricuspid regurgitation rate. 20 Finally, aortic regurgitation was found in 20.5% of our RHD cases, compared with reported rates ranging between 3.1% and 47% in other studies. [15] [16] [17] Only three cases of RF were identified during this study, despite the fact that nearly 25% of the total workforce were aged 18-29 years (table 1) . Given the increasing prevalence of RHD with age, it is likely that a number of subclinical or undiagnosed cases of RF occurred in childhood, early adolescent or young adulthood in this cohort. Diagnosing these cases of RF would potentiate early initiation of secondary prophylaxis and potentially avert development of severe RHD.
A decreased incidence of RHD has been observed with the advent of effective antistreptococcal therapy, particularly in developed countries. In our study population, a general decreasing trend was also observed in cumulative incidence over the past 5 years. Measured annually, the mean number of incident Figure 2 Kaplan-Meier hazard curve for cumulative probability of rheumatic heart disease diagnosis stratified by age category.
RHD cases per 10 000 population over the study period was 7.79, with the lowest point observed in 2013 (3.48 per 10 000). Unfortunately, the current medical record system is limited and does not contain complete data regarding surgical treatment, as all cases are referred and treated off-site.
RHD is one of the most readily preventable chronic diseases. Although echocardiographic screening to detect subclinical disease in endemic communities has been suggested as an effective strategy towards limiting the effects of RHD through early disease altering intervention, 21 22 it is not routinely practised as such at our study sites.
For the 65% of the workforce diagnosed with RHD who were still employed with the mining company at the conclusion of our review period, medical expenses were covered by the employer. However, for those exiting the workforce, RHD complications could lead to catastrophic healthcare spending. In many cases, employees are sole providers within their household, and severe illness may result in loss of income earning opportunities as well as diversion of productive labour to caring for affected household members, particularly in the latter phases of the disease. In this context, effective population level early prevention and control efforts are especially critical for tackling the burden of RHD.
Study strengths and limitations
The importance of this study is grounded in the insight it offers into the patterns and prevalence of RHD in a hitherto underexplored geographic region. Moreover, an underlying strength is that diagnosis was based on strict clinical criteria, including echocardiography, meaningful data from which were available for all identified cases. Nevertheless, the findings must be considered in light of several inherent methodological limitations.
First, this was a record based occupational cohort study and thus includes retrospective information pertaining only to individuals employed by PT Freeport Indonesia within the designated 6 year period. Although the data may thus serve as a rough surrogate to describe the magnitude of RHD in the surrounding community, the findings may not be applicable to the general population, particularly in light of the well known 'healthy worker effect', 23 as a result of which the wider population level magnitude and severity of the burden are likely to be underestimated. Secondly, important information, such as surgical treatment, was not included in the records and hence could not be analysed. Moreover, milder cases of valvular disease may have been missed by clinical examination or other diagnostic methods, such as electrocardiography. Similarly, a number of key background and employment history variables were not measured, meaning that meaningful adjusted analyses of vulnerability could not be undertaken. Such underlying determinants must be taken into account, and suitable corrective measures set in place when designing population wide preventive measures.
CONCLUSIONS
This report provides significant insight into the burden of RHD among a unique occupational cohort in the developing setting of Papua Province, Indonesia. Such studies will continue to be important for describing the burden of an understudied public Figure 3 Distribution of valvular heart lesion classifications among cases of rheumatic heart disease (n=83). Data shown as raw frequencies with percentages (n (%)), both overall and age stratified. The p value shown is for the χ 2 test comparing distributions across age categories. AR, aortic regurgitation; AS, aortic stenosis; MR, mitral regurgitation; MS, mitral stenosis; TR, tricuspid regurgitation.
Key messages
What is already known about this subject? More than 15.6 million people globally suffer from rheumatic heart disease (RHD), and 233 000 die prematurely of the disease every year. It is the most important cause of acquired cardiovascular disease in children and young adults in low and middle income countries. However, epidemiological data remain sparse and inconsistent. The political will for funding and implementation of prophylaxis programmes, and the roll-out of cardiac surgery, will depend on better insight into the impact of RHD on population health, productivity and premature mortality.
What does this study add?
This study provides significant insight into the burden of RHD among an adult cohort in the developing setting of Papua Province, Indonesia. Findings from this occupational cohort highlight that rheumatic fever (RF) and RHD remain major health issues into adulthood. The most common valvular lesion being mitral stenosis, the cumulative RHD risk was significantly higher among older age groups.
How might this impact on clinical practice?
Comprehensive primary and secondary RF/RHD prevention programmes alongside echocardiography screening for school-aged children should be considered in low and middle income country settings. Our study suggests that there may be a role for expanding this screening in occupational settings. Tailored interventions targeting high risk groups, such as older employees, may be especially important in alleviating the RHD burden.
health challenge. Without a deeper understanding of disease progression and the actual impacts of RHD on affected countries, however, the necessary political pressure for rollout of secondary prophylaxis, medical management and surgical intervention will be insufficient.
RHD will continue to cause high morbidity and mortality in Indonesia and among the world's poorest populations globally unless current prevention initiatives expand and new programmes are established. Concerted efforts should be made to implement comprehensive primary and secondary RF/RHD prevention programmes, and echocardiographic screening for school aged children considered. Our study suggests that there may be a role for expanding this screening in occupational settings. Finally, as the political will for funding and implementation of prophylaxis programmes and cardiac surgery will depend on better insight into the impact of RHD on population health, productivity and premature mortality, further research into the natural history of the disease in the South-East Asia context will be critical.
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